STUDIES INDICATE THAT renal insufficiency worsens congestive heart failure and is directly associated with morbidity and mortality in congestive heart failure patients, described as uremic cardiomyopathy (UrC) (6, 9, 37, 44) . Mortality due to cardiovascular disease was 10 to 30 times higher in patients receiving dialysis than in the general population (31) . However, direct mechanisms by which these cardiovascular changes are incurred are not well understood.
One of the major cardiovascular changes observed in patients and experimental models of UrC is cardiac remodeling, including cardiac hypertrophy and dilatation. Increased gravimetric weight of the heart as well as increased blood pressure occurs in both experimental models and patients with UrC (2, 5, 11, 38, 46) . Cardiac hypertrophy typically occurs in two phases. First is the compensated phase where cardiomyocytes enlarge and the walls of the heart thicken to preserve cardiac ejection performance in response to systemic pressure or volume overload (5) . The second phase called "decompensated" hypertrophy occurs in response to prolonged pressure or volume overload or in response to an illness or chronic disease condition (5) . Decompensated hypertrophy is characterized by cardiac myocyte death, increased ventricular dimension, thinning of the walls of the heart, and significant declines in cardiac output (5) . More recently, studies found that regeneration of myocardium via stem cell differentiation is also involved in the process of cardiac remodeling (21, 52, 53) . The concept that the adult heart is a self-renewing organ has evolved during the past two decades, with reports showing that stem cells can differentiate into cardiac myocytes (3, 21, 30, 52, 53) . Several biomarkers have been discovered that identify the residential cardiac stem cells or progenitor cells (3, 22) . Among these, c-kit-positive cells are the most studied cardiac stem cells and have been shown to improve cardiac function in clinical trials (4, 36) .
We have previously reported that cardiotonic steroids (CTS) are elevated and contribute to cardiac hypertrophy and fibrosis in rat and mouse models of UrC (2, 46) . Conversely, we found that CTS such as marinobufagenin (MBG) induce cardiac myocyte apoptosis when the Na/K-ATPase ␣ 1 -subunit is reduced (33) . Decreased Na/K-ATPase and increased endogenous CTS have been found in patients with congestive heart failure and chronic kidney diseases (18, 25, 29, 40, 47) . Additionally, infusion of MBG into mice with reduced Na/K-ATPase ␣ 1 -subunit levels (␣ 1 ϩ/Ϫ ) resulted in increased myocyte apoptosis, ventricular dilation, decreased cardiac function, and cardiac wall thickness in ␣ 1 ϩ/Ϫ mice versus their wild-type (WT) littermates treated in a similar manner (33) . These studies illustrate the causative nature of CTS in these deleterious physiological events. Surgical implementation of partial nephrectomy (PNx) in rats and mice has been previously found to emulate the clinical presentation of cardiovascular decline that patients with chronic kidney disease typically have, i.e., high blood pressure, increased diastolic dimension, and ventricular dysfunction (7, 17, 26, 43) . To determine the importance of Na/K-ATPase ␣ 1 -subunit receptor levels in the development of UrC and survival/regenerative pathways in cardiovascular tissues, we adapted and used a method of segmental infarction via arterial ligation to induce 5/6th PNx in mice expressing reduced levels of Na/K-ATPase ␣ 1 -subunit and their WT littermates.
MATERIALS AND METHODS

Animals.
Animal experiments were conducted in accordance with the National Institutes of Health's Guide for the Care and Use of Laboratory Animals under protocols approved by the Institutional Animal Care and Use Committee at the University of Toledo. Na/K-ATPase ␣ 1 ϩ/Ϫ mice and their WT littermates were generated as previously described (39) . Genomic DNA was obtained from tail biopsies and used for PCR-based genotyping. Adult male mice, which were ϳ2 to 3 mo of age and weighing between 25-27 g, were used for this study. All mice were reared under a 12-h:12-h light-dark cycle, fed standard chow, and were provided water ad libitum. These conditions were used for the entire duration of the experiment.
The two genetic groups (i.e., ␣ 1 ϩ/Ϫ and WT littermates) were each divided into two groups based on surgical intervention: the first group consisted of sham-operated animals that served as controls, whereas, the second group consisted of animals receiving PNx. Surgery was performed on mice anesthetized with 2% isoflurane (mixed with oxygen). An incision was made in the left flank, through which the left kidney was extirpated, and the artery(ies) supplying the upper pole of the kidney were observed under a high-power dissecting microscope and subsequently ligated with 6-0 silk sutures. After ligation, the kidney was observed for a characteristic color change over approximately two-thirds of the kidney tissue, indicating successful interruption of blood flow to the discolored portion of the kidney. Once the color change was observed, the kidney was reinserted to the body cavity and the incision closed. After 1 wk, the right kidney, exposed through the right flank, was decapsulated to avoid removal of the adrenal gland, and subsequently the renal artery, vein, and ureter were ligated and the kidney was removed. In sham surgeries, incisions were made as in both steps of the PNx, and the kidneys were isolated; however, neither ligation nor decapsulation and removal of the opposing kidney were performed. After visualization of sham-operated kidneys, they were returned to the body cavity and the muscle and skin closed with suture. Weekly measurements of body weight ensured the overall health of the animals.
Echocardiographic imaging was performed (Acuson Sequoia C512) just before the first step of the operations listed above (baseline) and at 8 wk after the completion of the second step of the operation, just before euthanasia. Transthoracic echocardiography was accomplished on animals anesthetized with 2% isoflurane delivered on oxygen. Animals were secured to a heated metal platform in a supine position with medical tape on all four extremities. The chests of the animals were shaved, and the remaining hair was removed using a depiliatory cream. After removal of excess depiliatory cream, prewarmed echo gel was applied to the chest and a 15-mHz linear transducer 15L8 (Siemens) was used to acquire images in a shallow left-side position on the heated pad. Applying the probe to the chest of the animal just over the left ventricle (LV) perpendicular to the direction of the sternum, short-axis m-mode views of the heart were acquired to determine various echocardiographic parameters. Enddiastolic and end-systolic dimensions were obtained via measuring the transverse internal distance between the interventricular septal wall and posterior wall at diastole and systole for three consecutive beats. These m-mode plots were also used for determining the thickness of the interventricular septal and posterior walls at systole and diastole using onboard calipers available with the echo machine. Fractional shortening and relative wall thickness were measured using standard formulas (14) .
Additionally, every 2 wk during the postoperative window till the time of euthanasia, blood pressure measurement via tail cuff was performed using a CODA high through-put 8 channel non-invasive blood pressure system (Kent Scientific, Torrington, CT) as previously described (26, 27) .
Mice were euthanized at the end of the 8th wk after surgical manipulation. After euthanasia, the heart was collected and weighed. Once weighed, the atria were removed and the LV isolated and cut in half. Half of the LV was immediately submerged in 4% formaldehyde solution for fixation, whereas the other half was flash frozen in liquid nitrogen and subsequently stored at Ϫ80°C for later use in biochemical analysis as previously described (17, 26, 27) .
Measurement of plasma MBG concentrations. After euthanasia (i.e., 8 wk after PNx), plasma MBG was measured using a competitive enzyme-linked immunosorbent assay (ELISA) method previously described (26, 33) . Briefly, 100 l of mouse plasma was extracted and resuspended in TBST solution consisting of 150 mM NaCl, 50 mM Tris, and 0.05% Tween-20 (pH 7.6). The resuspended solution (50 l/well) was incubated with anti-MBG antibody (50 l/well) in an MBG-BSA-coated plate for 1 h. A secondary horseradish peroxidase (HRP)-conjugated anti-mouse antibody was added after washing. 3,3',5,5'-Tetramethylbenzidine was used to measure color development, and optical density at 450 nm was measured after addition of 1 N H2SO4 to stop the reaction. MBG concentration was quantified against a standard curve.
Western blot analysis. Tissue homogenates were prepared by submersion in ice-cold radioimmunoprecipitation assay lysis buffer (pH 7.0) from Santa Cruz Biotechnology (SC-24948; Santa Cruz, CA), followed by homogenization. Aliquots were then made and frozen at Ϫ80°C for future use. For Western blot analysis, the protein from homogenates were separated by SDS-polyacrylamide gel electrophoresis. The resolved proteins were then electrotransferred to a nitrocellulose membrane (Fisher Scientific, Hanover Park, IL) for immunoblotting. The following antibody was purchased from Abcam (Boston, MA) and used to probe the membranes for the protein of interest: rabbit anti-stem cell factor (SCF) polyclonal antibody (ab83866). Antibodies used to probe the blots for total-ribosomal S6 protein (tS6; Cat. No. 2217S) and phospho-ribosomal S6 protein recognizing phos- . Loading conditions were controlled using a goat anti-actin polyclonal antibody from Santa Cruz Biotechnology (SC-1616). All appropriate HRP-conjugated secondary antibodies were purchased from Santa Cruz Biotechnology, and ␣ 1-subunit levels were probed using the ␣6F antibody from the Developmental Studies Hybridoma Bank at the University of Iowa.
Histology. LV sections were immediately fixed in 4% formaldehyde buffer solution (pH 7.2) and was paraffin embedded after 48 h of fixation. The tissues were then cut to a thickness of 4 m and mounted onto microscopy slides. Masson's trichrome stain for cardiac fibrosis was conducted and computer-aided morphometry used to quantify the percentage of fibrosis in the tissue as previously described (7, 17, 26, 27) . For immunostaining, slides were subjected to coimmunofluorescence staining for c-kit (CD117, marker of progenitor cells, Cat. No. AB25022, Abcam) and ki-67 (marker of proliferation, Cat. No. AB16667, Abcam) or c-kit and CD45 (marker for cells of hematopoietic origin, Cat. No. AB64100, Abcam). To count cardiac cell number, slides were stained for cardiac troponin I (cTnI, a cardiomyocyte specific marker, Cat. No. AB47003, Abcam) and 4=,6-diamidino-2-phenylindole (DAPI, a nuclear marker, Cat. No. D1306, Life Technologies). The protocol for these staining procedures is as follows: the mounted paraffin-embedded tissue sections were first deparaffinized with xylene and rehydrated by sequential incubations in ethanol and water. After rehydration, antigen retrieval was performed by boiling the slides in trisodium citrate buffer (pH 6.0; 10 mM sodium citrate, 0.05% Tween-20) for 15 min. After boiling, the slides were allowed to cool for 30 min before being washed twice for 3 min in Tris-buffered saline supplemented with Tween-20, TBST, consisting of 0.05% Tween-20 (pH 7.5), 20 mM Tris, and 500 mM NaCl. The tissue sections were then blocked for 30 min with 1% bovine serum albumin in TBST. Subsequently, the slides were incubated overnight at 4°C, with primary antibody solution containing the primary antibodies for c-kit and ki-67, or c-kit and CD45 in 1% BSA-TBST. After primary antibody incubation, the slides were washed three times for 5 min each in TBST. The appropriate secondary antibodies were applied, and the slides were incubated for 2 h at room temperature. The concentrations of the secondary antibodies were as follows: 1:100 for streptavidin Alexa Fluor-594 (for c-kit), and 1:50 dilution in 1% BSA-TBST for anti-rabbit Alexa Fluor-488 (for ki-67), and/or 1:50 dilution in 1% BSA-TBST for anti-rat Alexa Fluor-488 (CD45). After incubation with secondary antibody, the slides were washed three times in TBST and mounted with Antifade Gold from Life Technologies. Immunofluorescence was then visualized on a confocal microscope (TCS SP5 LCSM, Lecia, Buffalo Grove, IL).
Active caspase 3 was determined by immunohistochemistry. Preservation, mounting, deparaffinization, and antigen retrieval were similarly performed as above, but the level of active caspase 3 was determined using the HRP/3,3=-diaminobenzidine (DAB) detection kit from Abcam, according to the manufacturer's protocol. Computeraided morphometry was used to quantify active caspase-3 staining. Additionally, slides were stained with hematoxalin alone to allow visualization of nuclei in ϫ20 images of each tissue section.
Terminal deoxynucleotidyl transferase dUTP nick end labeling assay. Terminal deoxynucleotidyl transferase dUTP nick end labeling (TUNEL) assay was performed using a commercially available kit from Trevigen (Gaithersburg, MD) according to the company's protocol. Briefly, paraffin-embedded LV tissue was deparaffinized with xylene and rehydrated with sequential incubation with ethanol as detailed above. Rehydrated tissue sections were washed with PBS and incubated with proteinase K for 15 min, washed, and quenched before labeling with biotin-labeled dUTP. The labeling reaction was stopped by adding stop buffer as provided by the kit. The tissue sections were then incubated with HRP-conjugated streptavidin for 10 min, washed, and immersed in DAB solution for color development. These sections were also counterstained with methyl green before mounting. Apoptotic events are presented as the ratio of positive cells (stained with dark brown color) and the total nuclei (stained with green).
Wheat germ agglutinin staining. Briefly, LV tissue sections were deparaffinized and rehydrated in four changes of xylene, two changes of 100% ethanol, two changes of 95% ethanol, and two changes of 70% ethanol. After slides were rinsed in running tap water for 5 min, the tissue sections were incubated with solution containing 5 g/ml of ϩ/Ϫ mice. Heart weight (HW) and left ventricle weight (LVW) (A and C) were measured after mice were euthanized, and the heart weight/body weight ratio (HW/BW, C) and LVW/BW ratio (D) were calculated based on the final body weight before euthanasia. Both HW/BW and LVW/BW data indicate a significant increase in cardiac hypertrophy. E: Masson's trichrome staining in left ventricle tissue from experimental mice: representative images from each group taken by an Olympus FSX100 microscope with a ϫ20 lens (left) and quantification data (n ϭ 8 in each group; right). *P Ͻ 0.05, significantly different than sham of same genotype; **P Ͻ 0.01, significantly different than sham of same genotype; !!P Ͻ 0.01, significantly different than PNx of WT.
Oregon Green 488 wheat germ agglutinin (WGA) stain (Life Technologies, Eugene, OR), at 4°C overnight. After incubation with WGA, slides were washed three times with PBS. The slides were allowed to air dry and then mounted with Prolong Gold antifade reagent from Life Technologies. Subsequently, eight ϫ20 photomicrographs were taken in random areas of each of the tissue sections, and the area of 20 cells in each image was quantified using ImageJ (National Institutes of Health).
Measurement of plasma levels of SCF. After euthanasia (i.e., 8 wk after PNx), blood was collected from the animals in EDTA plasma tubes (Fisher, Chicago, IL). Fresh whole blood was centrifuged as 2,000 rpm for 10 min to allow for separation of the blood and collection of the plasma fraction. Plasma samples were flash frozen and stored at Ϫ80°C until used in analysis. Circulating levels of SCF were determined using the mouse anti-SCF ELISA from Abcam. Plasma samples isolated from whole blood by centrifugation were diluted four times in dilution buffer provided in the kit, and then portions of the diluted plasma were assayed for SCF content according to the manufacturer's protocol.
Statistical analyses. Data are presented as means Ϯ SE. Data obtained were analyzed by t-test or by two-way ANOVA followed by pairwise comparisons with Bonferroni's corrections conducted post hoc, where appropriate. All statistical analyses were performed using Prism 5 (GraphPad). Table 1 . These data showed that PNx caused enlargement of the LV in both WT and ␣ 1 ϩ/Ϫ mice as indicated by the end-diastolic dimension (EDD) and endsystolic dimension. PNx also slightly decreased the body weight gain in the ␣ 1 ϩ/Ϫ mice compared with their shamoperated controls or to PNx WT mice, but this decrease did not reach statistical significance. Other echo parameters such as posterior wall thickness (PWT), septal wall thickness (SWT), relative wall thickness [calculated by (PWT ϩ SWT)/EDD], and fractional shortening showed no difference between shamoperated and PNx or between WT and ␣ 1 ϩ/Ϫ mice. In accord with previous studies (17, 27) , both WT and ␣ 1 ϩ/Ϫ animals display a significant increase in systolic (Fig. 1, A and  B) and mean blood pressure (Fig. 1, C and D animals displayed systolic blood pressures that were 20.9 mmHg higher than sham-operated animals, whereas the ␣ 1 ϩ/Ϫ animals displayed systolic blood pressures that were 19.0 mmHg higher than sham-operated animals (Fig. 1) . The WT animals displayed slightly higher levels of end-systolic and mean blood pressure in PNx animals than in ␣ 1 ϩ/Ϫ animals subjected to the same surgery, these differences were not significant (P Ͼ 0.05).
RESULTS
PNx induces increases in circulating MBG
Additionally, using a competitive ELISA assay, we measured circulating plasma MBG levels in mice of both genetic groups subjected to either sham surgery or PNx. Plasma MBG concentrations were significantly elevated with PNx in both genetic groups versus sham-operated animals (P Ͻ 0.05). The level of PNx-induced increase in MBG did not significantly differ between WT and ␣ 1 ϩ/Ϫ animals (Fig. 1E ). To test whether PNx also increased cardiac hypertrophy and fibrosis as we previously observed in rats, the hearts of experimental animals were collected and weighed. LV tissue was also fixed and stained with trichrome to detect fibrosis. As shown in Fig. 2A , hearts collected from PNx-operated animals of both genotypes were significantly larger (P Ͻ 0.01) than those collected from sham-operated animals, though the heart weight of ␣ 1 ϩ/Ϫ mice subjected to PNx was smaller than that of the WT mice (159 Ϯ 6 vs. 179 Ϯ 9 mg). Cardiac hypertrophy, as measured by heart weight (HW)-to-body weight (BW) ratio, was significantly increased (P Ͻ 0.05) with PNx in both WT (4.91 Ϯ 0.27 vs. 3.9 Ϯ 0.10) and ␣ 1 ϩ/Ϫ (4.64 Ϯ 0.26 vs. 3.8 Ϯ 0.06) mice versus sham-operated controls (Fig. 2B) . Mice in both genotypes also displayed significantly (P Ͻ 0.01) more LV tissue, with WT PNx-operated animals having 34.1% more LV tissue by weight than sham-operated controls and ␣ 1 ϩ/Ϫ mice having 22.1% more LV tissue versus sham-operated controls (Fig. 2C) . Both WT and ␣ 1 ϩ/Ϫ mice receiving PNx exhibit significant (P Ͻ 0.05) LV hypertrophy compared with sham-operated controls of the same genotype as indicated by the LVW-to-BW ratio (Fig. 2D) . PNx also causes significant increase in fibrosis in both WT and ␣ 1 ϩ/Ϫ mice (Fig. 2E) .
PNx induces hypertrophy of cardiac myocytes in WT animals while inducing hyperplasia of cardiac cells in ␣ 1
ϩ/Ϫ mice. Using WGA-based immunofluorescence to show the borders of individual cardiomyocytes in these tissues, we evaluated the cross-sectional area of individual myocytes in LV tissue sec- tions of both WT and ␣ 1 ϩ/Ϫ , sham-operated and PNx-operated animals. After PNx, the mean area of cardiac myocytes in WT animals significantly increases (P Ͻ 0.001) by more than 76% versus sham-operated controls, whereas only 16% increase was observed in ␣ 1 ϩ/Ϫ mice (Fig. 3A) . Of particular interest is the finding that the average myocyte size in WT animals and ␣ 1 ϩ/Ϫ mice receiving PNx are significantly different. WT cardiomyocytes average at 509.9 m 2 after PNx, whereas those from ␣ 1 ϩ/Ϫ mice are 379.6 m 2 (P Ͻ 0.001). A comparison of the distribution of the cell sizes for the WT and ␣ 1 ϩ/Ϫ animals reveals that the center of the distribution is shifted in the direction of larger cells with PNx WT animals (Fig. 3B) , wherein the ␣ 1 ϩ/Ϫ distribution of the myocytes does not vary from that of sham-operated controls (Fig. 3C) .
Since both WT and ␣ 1 ϩ/Ϫ mice exhibit significant cardiac hypertrophy, whereas only WT PNx-operated animals showed a dramatic increase in cell size, we also measured the cell number by counting the number of nuclei in tissue sections from the animals in this experiment. LV sections from these animals were costained with DAPI and cTnI. As shown in Fig. 4A , most DAPI-stained nuclei overlay with cTnI, whereas a small fraction are outside the cTnI staining area. Interestingly, both the nuclei that overlaid with cTnI ( Fig. 4B ) and those not costained with cTnI (Fig. 4C ) are increased in ␣ 1 ϩ/Ϫ mice with PNx compared with their sham-operated controls. However, there is no significant difference between the WT PNx and sham-operated animals. These results indicate that both myocytes (indicated by nuclei overlaying with cTnI, Fig.  4B ) and other types of cells (nuclei outside of cTnI staining area, Fig. 4C ) may contribute to increased cell number in the heart tissue from ␣ 1 ϩ/Ϫ mice with PNx. PNx induces myocyte apoptosis that fails to activate Akt/ mammalian target of rapamycin (mTOR) survival signaling in ␣ 1 ϩ/Ϫ mice. Previous work by our laboratory and others has shown that reduction of Na/K-ATPase potentiates cell death in cardiac myocytes and in epithelial cells treated with CTS (33, 51) . Because of the fact that Na/K-ATPase reduction has been reported in heart failure patients and that PNx induces significant increases in circulating CTS concentrations (2, 7, 17, 27) , we sought to determine if PNx elicited increased cell death in ␣ 1 ϩ/Ϫ mice versus WT littermates subjected to the operation. To evaluate the role of cardiac cell death and the level of apoptotic activity in these animals, we used immunohistochemistry to measure the levels of active caspase 3 in heart tissues as previously described (33) . Our analysis revealed that both WT and ␣ 1 ϩ/Ϫ mice receiving sham surgery similarly displayed low levels of active caspase-3 expression, but the PNx surgery in ␣ 1 ϩ/Ϫ mice induced significantly higher levels of active caspase 3 (Fig. 5A) , indicating that reduction of ␣ 1 potentiates cardiac cell death.
Additional evidence for increased cardiac cell death was observed in LV tissue sections by TUNEL assay. As shown in Fig. 5B , PNx increased TUNEL-positive nuclei in ␣ 1 ϩ/Ϫ animals but not in WT animals, which is consistent with the current caspase-3 data and our previous publication (33) .
To further study the mechanism of cardiac cell death, we examined Na/K-ATPase content and Akt/mTOR signaling in these mice. The Akt/mTOR pathway has been demonstrated to regulate survival signaling pathways that protect cells from death. We also illustrated in our previous study that reduction of Na/K-ATPase attenuates this pathway in cells or animals treated with MBG (33) . As shown in Fig. 6A , the Na/KATPase ␣ 1 -expression levels were about 40% less in ␣ 1 ϩ/Ϫ mice hearts compared with the WT hearts, which is consistent with previous reports (33, 39) . PNx further decreased the Na/K-ATPase ␣ 1 -levels in ␣ 1 ϩ/Ϫ mice. To determine if cardioprotective signaling as mediated through the Akt/mTOR pathway was regulated in these animals, we carried out Western blot analyses of the levels of phosphorylation at residue serine-235/236 of ribosomal S6 protein (S6). S6 protein is a downstream member of the Akt/mTOR pathway and can be activated through phosphorylation by S6 kinase (19) . As shown in Fig. 6B , we found that PNx elicits significantly increased levels of phosphorylated S6 protein in WT animals, whereas in ␣ 1 ϩ/Ϫ animals there was no induction of S6 phosphorylation when the animals were subjected to PNx. Additionally, we assessed the activation of Akt, an upstream signaling component of S6, by examining the phosphorylation of the protein at two known phosphorylation sites, i.e., threonine-308 and serine-473. We found that in WT animals, PNx induces significant increases in phosphorylation of Akt at both sites (P Ͻ 0.01). In ␣ 1 ϩ/Ϫ
sham-operated animals, the level of Akt phosphorylation at these two sites is significantly higher than that observed in sham-operated WT animals. Interestingly, Akt phosphorylation was significantly downregulated after PNx versus shamoperated controls in ␣ 1 ϩ/Ϫ mice (Fig. 6, C and D) . These findings are consistent with our previous publication (33) , which indicated that Na/K-ATPase reduction attenuates Akt/ mTOR survival signaling. Reduction of Na/K-ATPase increases c-kit cell abundance and proliferation in heart tissue. Our previous work (33, 51) and the above-mentioned data indicate that reductions in Na/K-ATPase ␣ 1 -subunit elicit significant increases in cardiac cell death, whereas the results from the current report show little difference in hypertrophy and diastolic dimension obtained with PNx in these mice. We postulated that the ␣ 1 ϩ/Ϫ mice must have a counteracting cellular program which compensates for the increase in cells lost to apoptosis. A pathway that could counteract cell death is the activation of proliferative/regenerative processes; as such, we examined whether reduction of ␣ 1 resulted in an increase in cardiac regenerative activity of the heart. Cardiovascular tissues were probed with an antibody against a specific surface marker for cardiac progenitor cells, i.e., CD117 (c-kit). We found a significantly higher number of c-kit-positive cells in heart tissues isolated from ␣ 1 ϩ/Ϫ mice than those from WT animals (Fig. 7) . Additionally, the number of proliferating (i.e., ki-67-positive) c-kit-positive cells also increased significantly with PNx versus sham surgery in animals of both genotypes, with ␣ 1 ϩ/Ϫ animals having a significantly higher number of proliferating cells than WT animals subjected to either sham or PNx surgery (Fig. 7) . We further confirmed that the c-kitpositive cell population in the heart was composed primarily of cardiac progenitor cells by dual staining with c-kit and CD45. As shown in Fig. 8, Ͼ90% of the c-kit-positive cells were CD45 negative, indicating that they are not of hematopoietic origin.
The cytokine SCF binds to and initiates c-kit cell expansion and movement (35, 50) . To evaluate whether the reduction in Na/K-ATPase ␣ 1 -subunit and/or PNx altered heart tissue SCF levels, we used Western blot analysis to probe for SCF in cardiac tissues isolated from the experimental animals. As shown in Fig. 9A , cardiac tissue expression of SCF significantly increases with PNx in ␣ 1 ϩ/Ϫ animals but only slightly in WT animals. Additionally, tissue level expression of SCF is higher in the sham-operated ␣ 1 ϩ/Ϫ animals versus the WT sham-operated animals, but this higher level failed to reach the threshold for significance (Fig. 9A ). Locally, the tissue level expression of SCF increased overall in the ␣ 1 ϩ/Ϫ animals with a significant increase occurring between PNx-and shamoperated animals (P Ͻ 0.01).
Circulating levels of SCF were also measured using a commercially available ELISA. As shown in Fig. 9B , there is a significant increase in the plasma levels of SCF with PNx in both WT and ␣ 1 ϩ/Ϫ animals (P Ͻ 0.01). Additionally, the level of SCF that is observed in ␣ 1 ϩ/Ϫ animals subjected to PNx was 80% higher than ␣ 1 ϩ/Ϫ sham-operated animals and 25% higher than the SCF levels observed in WT PNx-operated animals.
DISCUSSION
A major finding of this study is that reduction of the Na/K-ATPase ␣ 1 -subunit results in increased cardiac cell death in PNx mice while also increasing cardiac progenitor cell abundance. Our data also suggest that reduction of this signaling subunit cause differential mechanisms of hypertrophy after PNx. In WT animals, hypertrophy is mostly attributed to the enlargement of individual cardiomyocytes, whereas when the ␣ 1 -subunit of Na/K-ATPase is reduced, cardiac hypertrophy is more attributable to increases in cardiac cell number. Since Na/K-ATPase reduction is common in heart failure patients (2), it is clinically significant to further define the mechanisms regulating the balance between cardiac cell death and regeneration.
LV hypertrophy (23) and dilation (12, 34) are both prevalent in patients starting therapy for end-stage renal disease (ESRD), and both are markers of poor prognoses in dialysis patients (13, 41, 42, 49) . We and others have demonstrated that Na/KATPase and its ligands are important regulators of cell survival and growth, which may contribute to hypertrophic growth or dilatation of the heart (20, 24, 51, 54) . In our previous study using heterozygous knockout mice, we observed that genetic reduction of Na/K-ATPase stimulates the expression of proapoptotic proteins and potentiates CTS-induced cardiac cell death. It also caused decreased contractile function in these mice. More importantly, our results revealed that in normal cells, there exists a self-protective mechanism that preserves the membrane abundance of Na/K-ATPase and protects cells from death. Reduction of Na/K-ATPase attenuates the signaling function related with this self-protection (33) . The current study further demonstrates that in chronic kidney disease induced by PNx, there was increased cardiac cell death and an attenuation of survival signaling when Na/K-ATPase is reduced. These data suggest that Na/K-ATPase amount and the receptor's related signaling are important regulators of organ health in UrC.
On the other hand, our data indicate that PNx induces apoptosis in heart tissue in ␣ 1 ϩ/Ϫ mice, but the heart size and weight in ␣ 1 ϩ/Ϫ mice after PNx surgery are increased in a degree close to their WT littermates. In terms of mechanisms, our current study suggests that cardiac hypertrophy may be attributable to different processes in WT and ␣ 1 ϩ/Ϫ mice, e.g., enlargement of cell size dominates in WT animals subjected to PNx, whereas hyperplasia is increased in ␣ 1 ϩ/Ϫ mice. However, because of technical limitations, it is difficult to identify whether increases in cell numbers result from myocyte proliferation exclusively and what portion of hyperplasia is the result of proliferation of other types of cells in the heart. Our data revealed that both the number of nuclei that colocalized with the myocyte marker cTnI and the number of those outside cTnI staining are increased in ␣ 1 -knockdown mice after PNx. Since the border of individual myocytes was not very clear even with cTnI staining, the nuclei that overlaid with cTnI may contain other cell types (i.e., cells infiltrate in between muscle fibers) and does not represent an exact number of myocytes. In addition, we also found that PNx causes increased cardiac fibrosis, indicating an increase in fibroblast cells. Taken together, these results indicate that both myocytes and other types of cells such as fibroblasts are increased after PNx surgery and may contribute to the increase in cardiac hypertrophy, whereas the mechanism behind this merits further studies. These results also led us to reason that reduction of Na/K-ATPase in ␣ 1 ϩ/Ϫ mice may result in enhanced regeneration of the myocardium. Indeed, we found that ␣ 1 ϩ/Ϫ mice exhibit more cardiac stem cells, indicated by c-kit-positive and CD45-negative staining compared with the WT mice. PNx further increases the c-kit cell number in ␣ 1 ϩ/Ϫ mice but not in WT mice. PNx also increases c-kit cell proliferation in ␣ 1 ϩ/Ϫ mice, indicated by ki-67 expression. Since the c-kit marker only appears in early stage progenitor cells and disappears after differentiation, a reliable method tracing the fate of c-kit is still debated. Ellison et al. (8) demonstrated that c-kit cells are necessary and sufficient for functional cardiac regeneration and repair using rodent models of diffuse myocardial damage. However, Senyo et al. (48) used a pulse-chase method with stable isotope labeling and concluded that the division of preexisting cardiomyocytes rather than stem cells are the source for new heart cells. Our study observed increased cardiac cell numbers along with increased c-kit cells in Na/KATPase-deficient mice with PNx. Although no direct evidence showed that the increased c-kit cells differentiate into cardiac cells, it is conceivable that regenerative processes are activated in the ␣ 1 ϩ/Ϫ mice with PNx. This is further supported by increased total cell number in the heart tissue from these animals. Although our data did not directly demonstrate the increased cell number is originated from c-kit cells, it indicates that hyperplasia may be involved in cardiac hypertrophic growth in the ␣ 1 ϩ/Ϫ mice, which is different from the mechanism that causes hypertrophy in WT mice.
It is noted that Na/K-ATPase reduction potentiates myocyte death but promotes c-kit cell abundance. The mechanism of this differential regulation on different cell type is not clear. Since c-kit cells were reported to be surrounded by niches (10, 45) , it is possible that the proliferation of c-kit cells was a second consequence which resulted from increased myocyte death. Previous reports have shown that acute myocardial infarction increases SCF expression in heart tissue, which induces c-kit cell proliferation and movement toward the injured area (32, 55) . SCF is well documented to stimulate c-kit cells and regulate regenerative processes during heart tissue damage (22, 56) . SCF is expressed in cardiac cells in two forms: the transmembrane form and soluble form found in the cytosol (1) . It can also be secreted into blood and circulate to and penetrate other tissues. The molecular mechanism that regulates SCF secretion in injured tissue is not fully understood. However, hypoxic stress (28) and activation of the Akt pathway (15, 16) have been reported to increase SCF expression and secretion in mesenchymal stem cells. We measured SCF levels in LV tissue as well as in blood samples from these experimental mice. The results indicate that the level of SCF in heart tissue or in blood samples in ␣ 1 ϩ/Ϫ PNx mice is significantly higher than that of the sham-operated mice. It is also . Stem cell factor (SCF) in heart tissue and in plasma. For SCF expression in heart tissue, left ventricle homogenates from experimental mice were analyzed using Western blot analysis, whereas the SCF level in plasma was measured using an ELISA kit from Abcam. A: representative Western blots of heart tissue SCF (top) and the quantification data (bottom). B: concentration of SCF in plasma collected after euthanasia from mice subjected to sham or PNx surgeries. **P Ͻ 0.01, PNx vs. sham; !P Ͻ 0.05, PNx ␣ 1 ϩ/Ϫ vs. PNx WT.
higher than the WT PNx mice (Fig. 9) , which may explain the higher number of c-kit-positive cells in ␣ 1 ϩ/Ϫ mice. However, PNx surgery in the WT mice did not significantly increase the c-kit-positive cells despite the increase in SCF levels. These results indicate that SCF may not be the only factor that regulates c-kit cell abundance. It is also noted that c-kit cell number is more related with the tissue SCF level than the circulating levels. Taken together, the results show that Na/KATPase may be directly involved in the regulation of proliferative pathways in c-kit cells, while a determination of the specific mechanism(s) by which increased c-kit cell number and SCF levels are incurred, merits further studies.
In summary, we reason that the overall balance between survival signaling and apoptotic events in cardiac myocytes affects the fate of these cells in specific conditions of stress, while the balance of tissue injury and regenerative processes determine whether the affected organ can compensate and maintain relatively normal function in different disease states. It appears that reduction of Na/K-ATPase potentiates cell death but may also induce the activation of regenerative procedures in this organ as an adaptive mechanism. More study is needed to determine the specific pathways and signaling molecules that regulate this process.
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